A phosphoprotein kinase (EC 2.7.1.37) KIVb, from rat liver nuclei, was purified 75-fold by phosphocellulose chromatography and gel filtration on Sephadex G-200. The enzyme, which has an apparent molecular weight of 55 000, phosphorylates casein and chromatin-bound nonhistone proteins more readily than histones or ribosomal proteins. It exhibits an absolute requirement for divalent cation with optimum activity at 15--20 mM Mg :÷. Maximal kinase activity is achieved at 100 mM NaC1. The pH vs. activity curve is biphasic with optima at pH 6.5 and pH 8.0. The Km value for casein is 280 pg/ml and the Km for ATP is 6 • 10 -6 M.
Introduction
Phosphorylation of nuclear nonhistone proteins has been correlated with gene activation in eukaryotes [1--6] . Knowledge of the phosphorylation reaction should lead to a better understanding of the specific regulation of gene transcription. For this reason attention has been focused on the enzymes presumably responsible for nonhistone protein phosphorylation, and recent reports describe phosphoprotein kinase (EC 2.7.1.37) activities in the nuclei of several different mammalian tissues [7--14] . The present report describes the partial purification and characterization of a major nonhistone phosphoprotein kinase from rat liver nuclei.
Experimental Procedures

Materials
Casein (Hammersten) was purchased from Schwarz/Mann. Histone I (calf thymus), cyclic AMP and cyclic GMP were obtained from Sigma. Mixed histones (calf thymus, unfractionated) and phospholipase C were from Worthington Biochemical Corp. Cellulose phosphate (Whatman No. P-11) was purchased from H. Reeve Angel and Co., and Sephadex G-75 and G-200 (Fine) were purchased from Pharmacia Fine Chemicals Inc.
[33Pi] (carrier-free) and [7-32P ]ATP (7 to 12 Ci/mmol) were obtained from New England Nuclear Corp.
Methods
Isolation of nuclear nonhistone proteins. A modification [9] of the method of Chauveau et al. [15] was used for the preparation of purified rat liver nuclei. The nonhistone proteins were extracted by homogenizing the nuclear pellets in 0.4 M NaC1, 0.05 M Tris • HC1 (pH 7.5) followed by stirring at 0°C. Centrifugation of the homogenate at 27 000 × g for 30 min yielded a supernatant solution containing 50% or more of the nuclear protein and 95% of the nuclear kinase activity. Polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate indicated that histones were almost entirely absent from this fraction. Furthermore, the preparations did not contain significant protease activity, as assayed by the method of Weisenthal and Ruddon [16] . Therefore, the 0.4 M NaCl-buffer extract was chosen as a suitable starting material for further purification of the nuclear phosphoprotein kinase activities and for the isolation of nonhistone protein to be used as substrate. All subsequent procedures involving nonhistone protein preparation and purification of the nonhistone kinase were carried out at 4 ° C. In order to prepare nonhistone protein which was relatively free of endogenous kinase activity and thus more suitable to be employed as substrate for the enzyme, the 0.4 M NaCl-buffer extract was first dialyzed against a buffer containing 0.05 M Tris • HC1 (pH 7.5) and 0.05 M NaC1. The 0.05 M NaC1-soluble proteins were recovered by centrifugation, and 8--20 mg was applied to a 1.5 cm × 26 cm column of phosphocellulose previously equilibrated with 0.05 M Tris • HCI (pH 7.5), 0.05 M NaC1. The protein peak eluted with 0.05 M NaCl-buffer contained most of the protein but only a small fraction (2--3%) of the total kinase activity applied to the column. This was the fraction employed as nonhistone substrate in the kinase reactions.
Preparation of nuclear phosphoproteins. Calcium phosphate gel was added to nonhistone protein in a ratio of 2 mg of gel per mg protein for the purification of nuclear phosphoproteins using the method described by Kish and Kleinsmith [11] .
Separation of nuclear kinase activities by phosphocellulose chromatography. Phosphocellulose column chromatography was used to separate several phosphoprotein kinase activities present in the 0.4 M NaCl-buffer extract of rat liver nuclei. The nuclear extract containing up to 80 mg of protein was applied to a 1.5 cm × 26 cm phosphocellulose column which had been previously equilibrated with 0.4 M NaC1, 0.05 M Tris • HC1 (pH 7.5). Fractionation was accomplished by applying buffers with increasing NaC1 concentration in stepwise fashion. The buffers were (1) 0.4 M NaC1 in 0.05 M Tris • HC1 (pH 7.5), 0--125 ml, (2) 0.6 M NaC1 in 0.05 M Tris • HC1 (pH 8.1), 126--240 ml, and (3) 1.2 M NaCl in 0.05 M Tris • HC1 (pH 8.1), 241--310 ml. Columns were eluted at a flow rate of approximately 15 ml/h and 5-ml fractions were collected.
Sephadex gel filtration. Sephadex G-200 columns (1.5 cm × 86 cm) were prepared with the pre-swollen gel and equilibrated with 0.5 M NaCl, 0.05 M Tris • HC1 (pH 7.5) at an operating pressure of 20 cm H2 O. This operating pressure produced a flow rate of 6 ml/h. Fractions from the phosphocellulose column containing the major kinase activity were pooled (usually 8--15 ml containing 2--5 mg of protein) and carefully layered over the column of Sephadex G-200. Elution was with 0.5 M NaC1, 0.05 M Tris • HC1 (pH 7.5) buffer for 200 ml, and 5-ml fractions were collected.
For estimation of molecular weight by gel filtration, the elution volume of the enzyme activity was compared to the elution volumes, determined under identical conditions, of several standard proteins.
Isolation of chromatin, ribosomes, and nucleoli. Chromatin was prepared from purified rat liver nuclei using a modification of the method of Huang and Huang [ 17] . All procedures were carried out at 4 °C. Nuclei were homogenized twice in 75 mM NaC1, 24 mM EDTA, 5 mM NaHSO3 (pH 8.0) and centrifuged at 1000 × g. The resulting crude chromatin fraction was washed 3 times with 50 mM Tris • HC1 (pH 8.0), 5 mM NaHSO3 and then washed 3 times with 10 mM Tris • HC1 (pH 8.0), 5 mM NaHSO3. The final chromatin pellet was resuspended in Buffer A (100 mM NaC1, 20 mM Mg(CH3 CO2 )2 and 50 mM Tris HCI, pH 8.0), and homogenized with a tissuemizer using three 15-s bursts. Chromatin isolated by this procedure had a protein/DNA mass ratio of 1.5 and RNA/DNA mass ratio of 0.075. Ribosomes were prepared from fresh rat livers by deoxycholate treatment of microsomes as described by Cohen and Ruddon [18] . Nucleoli were prepared from fresh rat livers by the method of Muramatsu and Busch [19] .
Phosphoprotein kinase assay. The original protein kinase assay described earlier [9] was used to estimate the phosphoprotein kinase activity in column fractions. Optimal conditions for the major nuclear kinase activity were determined and were used in the kinase assays involving the purified enzyme fraction. Kinase activity was determined under optimal conditions in a reaction mixture (0.5 ml) which contained (mM): Tris • HC1 (pH 8.0), 50; NaC1, 100; Mg(CH3 CO2 )2, 20; ATP, 0.01--0.04 (containing 1.0--5.0 pCi of [~._32p] ATP) and purified enzyme (2 pg protein). Unless otherwise noted, the substrate was casein and was present at a concentration of 300 pg/ml. The reaction was started with the addition of [~'-32p]ATP and, after 5 min of incubation at 37°C, was stopped by the addition of 1.0 ml of cold 10% trichloroacetic acid containing 40 mM sodium pyrophosphate and 1 mM unlabeled ATP. The acidprecipitable material was collected on cellulose acetate filters and counted as previously described [9] .
Acrylamide gel electrophoresis. Samples were prepared for sodium dodecyl sulfate gel electrophoresis by overnight dialysis at 23°C against a buffer containing 0.01 M sodium phosphate (pH 7.0), 0.1% sodium dodecyl sulfate, 0.1% ~-mercaptoethanol. Samples were heated at 100°C for 3 min immediately prior to electrophoresis on 10% polyacrylamide gels. Electrophoresis was performed according to the procedure of Weber and Osborn [20] . Two sizes of gels were used, 6 mm× 60 mm for samples of 20--150 pg protein and 8 mm × 90 mm for samples of 150--300 pg protein. Following electrophoresis, gels were stained with Coomassie brilliant blue [20] and either photographed or scanned at a wavelength of 550 nm using a Gilford linear gel transport. Gels which contained [ 3 :p] . or [ 33p] phosphoproteins were sliced with a Mickle gel slicer. The gel slices (0.5 or 1.0 mm) were incubated at 65°C for 24 h in tightly-capped counting vials with 15 ml of toluene solution containing 3% Protosol and 0.8% 2,5-diphenyloxazole (PPO) prior to counting.
Polyacrylamide gel electrophoresis under non-denaturing conditions was performed on crude and purified enzyme fractions after dialysis against a suitable buffer. The gel systems employed were the pH 9.5 system of Davis [21] with no stacking gel, the pH 8.1 system described by Kish and Kleinsmith [11] , and the pH 4.3 system (minus stacking gels) of Reisfeld et al. [22] .
Animals and isotope administration. Male albino rats, weighing 200 g, were given an intraperitoneal injection of 2.5 mCi 33Pi" Animals were killed 1 h after injection and their livers removed and used for the isolation of nonhistone protein.
Other analytical methods. Protein concentration in column fractions was estimated by measuring absorbancy at a wavelength of 280 nm. Otherwise, protein concentration was measured by the method of Lowry et al. [23] using crystalline bovine serum albumin as standard. DNA was determined with diphenylamine following the procedure of Burton [24] with calf thymus DNA as standard.
Results
Separation of nuclear phosphoprotein kinase activities by phosphocellulose chromatography
Phosphocellulose chromatography of the 0.4 M NaCl-buffer extract of rat liver nuclei yielded 6 kinase activity peaks ( Fig. 1 ) when assayed with casein as the substrate. No additional peaks were seen if column fractions were assayed with nonhistone protein (67 pg) as substrate or assayed with endogenous substrate only. Nuclear kinase KI, KII, KIII and KIV represent 4 separate enzyme activities based on differences in pH optimum, enzyme stability, and substrate specificity [9] . Nuclear kinase KV and KVI have not been studied.
The major phosphoprotein kinase activity peak, KIV, was chosen for further purification. Fig. 1 illustrates that phosphocellulose chromatography effectively separates kinase KIV from the bulk of the nuclear proteins present in the 0.4 M NaCl-buffer extract. However, purification data (Table I) kinase activity assayed in the 0.4 M NaCl-buffer extract is the sum of 6 activities, and kinase KIV is only one of them.
Gel filtration of nuclear kinase KIV on Sephadex G-200
Nuclear kinase KIV could be resolved into 2 peaks of activity by gel filtration on a column of Sephadex G-200 (Fig. 2) . The major kinase activity, KIVb, eluted at a volume consistent with a molecular weight of 55 000 (Fig. 3) . At least a 75-fold purification of the major nuclear phosphoprotein kinase was obtained using these procedures (Table I) . Purification and recovery values were based on the activity in the 1000 X g pellet (crude nuclear fraction) because approximately one half of the total cellular casein kinase activity was extra-nuclear (Table I) . A similar distribution of casein kinase activities was reported by Matsumura and Takeda [25] .
Polyacrylamide gel electrophoresis
Further purification of the KIVb fraction was attempted utilizing gel electrophoresis under nondenaturing conditions. However, KIVb proteins remained as a single band after electrophoresis in 3 different buffer systems (pH 9.5, pH 8.1, and pH 4.3). Sodium dodecyl sulfate gel electrophoresis in 10% polyacrylamide gels was performed on each fraction obtained in the purification procedure. The 0.4 M NaC1 buffer extract of rat liver nuclei contained at least 30 polypeptides, most of them having molecular weights in the range of 30 000--100 000, which is typical for nonhistone nuclear protein preparations. The KIV fraction contained about 20 of these polypeptide bands, but the purified KIVb fraction was resolved into 6 polypeptide bands (Fig. 4) . The 25 000-dalton polypeptide proved to be a contaminant and not a component of the enzyme. This was indicated in an experiment in which urea treatment of the KIVb fraction allowed the separation of the 25 000-from the 50 000 to 70 000-dalton polypeptides on a column of Sephadex G-75. Fractions were dialyzed to remove urea, assayed for kinase activity, and then subjected to sodium dodecyl sulfate electrophoresis. The kinase activity peak obtained from the Sephadex G-75 column contained 50 000-to 70 000-dalton polypeptides but not a 25 000-dalton component. Thus, the 25 000-molecular weight component was a polypeptide which co-purified with kinase KIVb but was not necessary for kinase activity. Phosphoprotein kinase activity was assayed using the procedure described under Methods.
Kinetic properties of kinase KIVb
The phosphorylation of casein catalyzed by kinase KIVb was linear for 5 min at 37°C and 0--4 pg of KIVb protein in the standard reaction volume. Lineweaver-Burk double-reciprocal plots of initial velocity versus casein or ATP concentration were used to calculate Km values for the substrates. The Km value for casein was 280 #g/ml and the Km for ATP was 6 • 10 -~ M.
Effect of magnesium, pH, and NaCl
Nuclear kinase KIVb exhibited an absolute requirement for divalent cation as demonstrated in Fig. 5a . The concentration of magnesium that gave optimum phosphorylation was 15--20 mM; higher concentrations inhibited the reaction. Other investigators have demonstrated that maximal activity of partially purified protein kinases from rat liver nuclei is achieved in the presence of Mg 2÷. Other divalent cations, including Ba 2÷, Be 2+, Ca 2+, Co 2÷, Mn 2÷, Sr 2+ and Zn 2+, could not fully substitute for Mg 2÷ in this reaction [10, 13] . The maximal activity of kinase KIVb was in the pH range of 6.5 to 8.0. A biphasic pH optimum curve was demonstrated repeatedly (Fig. 5b) . Increasing the concentration of NaCl from 0 to 0.4 M resulted in stimulation followed by inhibition The phosphorylation reactions were carried out as described under Methods except that the indicated substrates were present in a concentration of 200 pg protein per ml. Intact ribosomes rather than extracted ribosomal proteins were used. Incorporation of 32p due to endogenous kinase activity was subtracted from the results. The percentage of total activity that was due to endogenous kinase activity was 35% for nonhistone protein, 60% for chromatin, and 98% for ribosomes. In Expt. 2, samples were heated for 20 rain at 90 ~ after the addition of 10% trichloroacetic acid and prior to filtering. . When included, kinase KIVb was twice the usual amount, or 8 #g/ml. Maximum 32p incorporation was reached after 1 h of incubation at 37°C. Incubations were terminated by the addition of cold 10% trichloroacetic acid containing 40 mM sodium pyrophosphate and 1 mM unlabeled ATP. Samples were heated at 90°C for 20 rain to hydrolyze nucleic acids, The protein precipitate was pelleted, washed with cold 5% trichloroacetic acid, and then with cold acetone. The final pellets were dissolved with 1% sodium dodecyl sulfate, 4 M urea, 0.1% fl-mercaptoethanol and boiled 3 rain just prior to electrophoresis on 8 mm × 90 mm gels. Gels were layered with 275 pg protein Containing 58 650 cpm 32p (. ) or 25 300 cpm 32p ( ...... ). The gels were sliced into 1 mm slices and the first 65 slices of each gel were assayed for radioactivity as described under Methods. Ordinates axe represented by different scales in order to illustrate the similarities in migration of the 32p-labeled peaks. (b) Migration of nonhistone proteins in sodium dodecyl sulfate polyacrylamide gels. The nonhistone proteins in the 0.4 M NaCl-buffer extract of rat liver nuclei were subjected to sodium dodecyl sulfate electrophoresis as described in the text. Following electrophoresis the gels were stained with Coomassie brilliant blue. Migration was from left to right, of kinase activity (Fig. 5c) . The optimum concentration of NaC1 was 0.10 M. Identical results were produced by KC1 and NaC1 with kinase KIV activity.
Substrate specificity
Results presented in Table II indicate that kinase KIVb exhibited a high degree of preference for casein as a substrate. Various rat liver cellular fractions including nonhistone protein, chromatin, and ribosomes were examined for their ability to act as substrate for the enzyme. Ribosomes were examined because ribosomal proteins are found in the nucleus [26] and nucleolar proteins are phosphorylated [27--29] by a protein kinase reported to be associated with nucleoli [28, 29] . In our studies ribosomes and histones were poor substrates for kinase KIVb, while chromatin and nonhistone protein were intermediate substrates (Table II) . Since whole ribosomes were used in these studies their ability to act as substrate might have been limited by a lack of exposed phosphorylation sites. It should be noted that ribosomes and chromatin contained high endogenous kinase activities. When nonhistone protein or chromatin fractions were heated (5 min at 60°C) to inactivate endogenous kinase activity, there was a concomitant loss of phosphoryl acceptor ability. The apparent preference of kinase KIVb for casein must be interpreted cautiously. One would have to quantitate serine and threonine residues of the various substrates on a molar basis before one could determine the true specificity of the enzyme.
Sodium dodecyl sulfate gel electrophoresis was performed on nonhistone protein or chromatin protein after incubating with [T -32p] ATP, with or without added kinase KIVb (Fig. 6 ). There was a 2.3-fold stimulation (above endogenous activity) of s 2p incorporation into nonhistone protein after the addition of KIVb (note the different ordinates in Fig. 6 ). The distribution of radioactivity in the gel slices indicated that numerous polypeptides were phosphorylated in the reaction and that many of the same nonhistone polypeptide species which were phosphorylated by kinase KIVb were also phosphorylated by endogenous kinase contained in the nonhistone protein fraction.
Effect of cyclic nucleotides
Various concentrations of the cyclic nucleotides, adenosine 3',5'-monophosphate (cyclic AMP) and guanosine 3',5'-monophosphate (cyclic GMP), were tested for their ability to stimulate or inhibit the activity of kinase KIVb. Neither cyclic AMP (10 -8 to 10 -5 M) nor cyclic GMP (10 -s to 10 -s M) significantly affected the phosphorylation of casein by kinase KIVb.
Location of kinase KIVb
Since rat liver cytosol also contains casein kinases [30--32] , a comparison was made of the major casein kinase activities from cytosol and nucleus in an attempt to discover a property that might be unique to the nuclear enzyme. The casein kinase activity in both fractions appeared to be identical with respect to affinity for phosphocellulose, pH optimum, Mg 2÷ requirement and optimum concentration, and stimulation by NaC1. Although:casein kinase activity was found in cytosol as well as nuclei, its specific activity was several times higher in nuclei (Table I) . When kinase activity was measured in chromatin, nucleoli, or ribosomes under conditions optimal for KIVb, the highest specific activity for casein phosphorylation was found in the chromatin fraction (Table  III) . Moreover, 75% of the endogenous kinase activity in chromatin is kinase KIV, based on purification by phosphocellulose chromatography. These data suggest that kinase KIVb exists in a chromatin-associated form and that chromatin proteins are substrates for it.
Other properties of nuclear kinase KIVb
The addition of 25 pg of phospholipase C (phosphatidyl-choline phosphohydrolase) to a standard reaction mixture resulted in no loss of kinase KIV activity. Kinase activity was also unaffected by 10-4M N-ethylmaleimide. Beta-mercaptoethanol did not prevent the slow, steady loss of activity that occurred in kinase KIVb upon storage. Although fraction KIV could be stored at 4°C for 4 days or at --20°C for more than 1 year with no loss of activity, kinase KIVb was much less stable. A significant reduction in kinase KIVb activity was observed when the enzyme was left at 0°C for 8 h (up to 50%) or when kinase KIVb was stored at --80°C (10--20% in a week). Kinase KIVb was completely inactivated by incubation at 60°C for 5 min.
In vivo labelling of nuclear phosphoproteins
Sodium dodecyl sulfate gel electrophoresis was used to compare in vivo phosphorylation of nuclear phosphoproteins with in vitro phosphorylation in the presence of kinase KIVb. Rats were injected with 33 Pi 1 h prior to sacrifice. The 33p.labele d nonhistone protein fraction extracted from the livers of these animals was then utilized as the substrate for kinase KIVb and [7 -32p] _ ATP. Thus, the same preparation of nonhistone protein was labeled both in vivo and in vitro. In these experiments the nuclear phosphoproteins were further purified [11] from the total nonhistone protein fraction prior to electrophoretic analysis. The gels were stained, scanned, sliced, and counted as described under Methods, and the results are illustrated in Fig. 7 . The nuclear phosphoproteins were not uniformly labeled; that is, some proteins contained , and separation on phosphocellulose chromatography. After 60 rain the incubation was stopped and calcium phosphate was added to the labeled nonhistone protein for the purification of phosphoproteins. The purified phosphoproteins (143 ~g) were subjected to sodium dodecyl sulfate gel electrophoresis on 6 mm X 70 mm gels. The details of these procedures are described under Methods, The direction of migration was from left to right. Top, Coomassie blue stained phosphoproteins scanned at 550 nm. The marker proteins were bovine serum albumin, ovalbumin, trypsin, and cytochrome c. Bottom, radioactivity profile of nuclear phosphoproteins labeled with 33p in vivo ( ) and 32p in vitro ( ...... ). The gel, which contained 8500 dpm of 33p and 14 000 dpm of 32p, was sliced into 0.5 mm slices, and each slice was assayed for radioactivity. more radioactivity than others. The pattern of phosphorylation in vitro was similar to the pattern obtained in vivo in that a heterogenous group of nonhistone protein was phosphorylated in both cases. In order to rule out the possibility that 33p was reutilized as a substrate for the in vitro reaction, the turnover of 33p.labele d nonhistone protein was determined in vitro in the presence of excess unlabeled ATP. No loss of 33p from the nonhistone protein fraction was observed during a 60-min incubation under the same conditions employed in the phosphorylation reactions.
Discussion
This study describes the partial purification and characterization of a major nonhistone phosphoprotein kinase activity in rat liver nuclei. The estimation of a 75-fold purification achieved by our procedures is most likely an underestimation for two reasons. First, the original activity measurement in crude nuclei is erroneously large because it includes the activities of all the nuclear kinases. Secondly, the purified KIVb kinase is somewhat unstable, and all of its activity is not recovered from the Sephadex column (Table I) . Based on the elution profiles obtained from column chromatography and on the banding patterns from gel electrophoresis, kinase KIVb would appear to be more highly purified than the relative purification based on specific activities would suggest.
Several reports characterizing purified nuclear protein kinases from rat liver [10, 13, 14] have recently appeared. Unlike our purification procedure, these purifications began with an ammonium sulfate precipitation of a nuclear extract. Desjardins et al. [10] and Takeda et al. [13] found only two kinase activities in rat liver nuclei, whereas Dastugue et al. [32] found two kinase activities which could both be further fractionated into two or three other activities. In contrast, Kish and Kleinsmith [11] found 12 distinct nuclear kinases in beef liver and stated that this may be an underestimation of the actual number of kinases present. In our study 6 nuclear kinase activities were separated by phosphocellulose chromatography. The major kinase, KIV, was further resolved into two activities by gel filtration with Sephadex G-200. More evidence is needed to ascertain whether KIVa and KIVb (Fig. 2) are distinct enzymes or whether KIVa is simply an aggregate of KIVb. That kinases can exist in multiple forms which may be different aggregates of a single protein kinase has been shown for the phosvitin kinase from rat liver cytosol [33] and for the cyclic AMP-dependent protein kinase from heart muscle [34] . It would be interesting to determine what role, if any, aggregation plays in the regulation of kinase activity.
It appears that our kinase KIVb may correspond to kinase NI of Desjardins et al. [10] and kinase A2 of Takeda et al. [13] since a number of properties of the three enzyme preparations are similar. Purification data, including specific activities, for the purified kinase NI and A2 indicate that these kinases were less pure than kinase KIVb. This may be an important factor in explaining differences between our data and theirs. Dastugue et al. [32] have also described two nuclear kinases obtained from rat liver, but neither of these appears to have properties similar to kinase KIVb.
A knowledge of the substrate specificity of kinase KIVb could provide a clue as to the role of that enzyme in the control of cellular processes. Therefore, we tested the ability of several components of the liver cell to act as phosphoryl acceptors for kinase KIVb. This study demonstrates that chromatin-bound nonhistone proteins are substrates for a purified nuclear kinase. Furthermore, data in Table II suggest that chromatin-bound nonhistone proteins may be better substrates for kinase KIVb than nonhistone proteins which are not associated with chromatin. This raises the possibility that the conformation of NHP most favorable for phosphoryl acceptor activity may depend on an appropriate interaction between nonhistone proteins, histones, and DNA. A strict conformational requirement for phosphoryl acceptor activity is also suggested by the fact that heating of either chromatin or nonhistone protein results in a loss of substrate activity along with the loss of kinase activity.
The heterogeneity of the nuclear phosphoprotein population which can be phosphorylated by kinase KIVb is of interest. One might expect more specificity from an enzyme involved in the regulation of gene activity. Perhaps modulators of phosphoprotein kinase provide the required specificity. For example, modulators which alter the substrate specificity for cyclic AMP-dependent histone kinases have been found in rat mammary gland [35] . Moreover, histones may act as regulators of nonhistone protein phosphorylation in that the addition of individual histones to in vitro kinase reactions has been reported to stimulate [36, 37] or inhibit [37] phosphorylation of nonhistone protein.
Another possibility is that specificity is provided by the balance between phosphorylation and dephosphorylation of nonhistone protein. The pattern of phosphorylation of nonhistone protein in the intact cell must reflect the sum of the activities of phosphoprotein kinases and phosphatases in the presence of modulators of their activity.
